Spinal neurenteric (NE) cysts are rare congenital anomalies that may occur either alone or in the context of a complex malformative disorder. They are usually intradural-extramedullary lesions. Intramedullary NE cysts not associated with other congenital anomalies are very rare and only a few cases have been reported in the conus medullaris region. Intramedullary neurenteric cysts not associated with other spinal anomalies are very rare especially in the conus medullaris region. MRI is useful to define the cyst and the osseous anomalies associated with this lesion. The goal of treatment of an intramedullary neurenteric cyst is total excision at the first operation, if possible. Life-long follow-up with annual MRI is recommended due to the risk of cyst recurrence. We report an intramedullary NE cyst of the conus medullaris without associated malformation and the relevant literature is briefly reviewed.
Intramedullary Neurenteric Cyst of the Conus Medullaris without Associated Spinal Malformation: A Case Report and Review of the Literature

İlişkili Spinal Malformasyon Olmadan Konus Medullarisin İntramedüller Nöroenterik Kisti: Bir Olgu Sunumu ve Literatürün Gözden Geçirilmesi
InTRoduCTIon Neurenteric (NE) cysts are rare congenital lesions of foregut origin which occur most commonly in the cervical and cervico-thoracic spinal segments. They are usually intradural extramedullary and are lined by columnar epithelium of the intestinal type (1, 17) .
Intramedullary NE cysts of the spinal cord are rare lesions and comprise less than 5% of all spinal NE cysts (9, 11, 13) . Isolated intramedullary NE cysts of the spinal cord not associated with bone or soft tissue malformations are very rare and only 33 cases have been reported in the literature (11) .
Isolated intramedullary NE cysts of the conus medullaris are extremely rare and only 6 cases have been reported in the literature (5, 8, (16) (17) (18) . We intend to report a case of isolated intramedullary NE cyst of the conus medullaris with longterm follow-up and review of the pertinent literature.
CASE REPoRT
A 40-year-old man presented with a history of low back pain for 10 years. During this period, he suffered from weakness of his left lower limb. He underwent T12-L1 posterior laminectomy at another medical center 8 years before presentation at our center, but the operation did not improve the patient's symptoms. No lesion had been diagnosed at the first operation. His low back pain and left lower limb weakness increased postoperatively. Three months prior to the second admission, he suffered left L5 radicular pain and intermittent urinary urgency and right lower limb paresis. His medical history was otherwise normal.
Sadeghi-Hariri B. et al: Intramedullary Neurenteric Cyst of the Conus Medullaris
Upon admission, neurological examination of the left leg revealed complete sensory loss with severe motor deficit (motor strength in the distal part was 1/5 and in the proximal part was 3/5). Motor strength of the right leg was 4/5.
Reviewing the patient's radiographs related to eight years earlier revealed no abnormality of the thoracolumbar spine. MR imaging study revealed a non-enhancing intramedullary cyst of the spinal cord at the L 1 and L 2 vertebral bodies, brightly hyperintense to cerebrospinal fluid (CSF) on T 1 -weighted sequence and isointense to CSF on T 2 -weighted sequence ( Figure 1A,B) . One year after the first unsuccessful operation, spinal MRI showed that the cyst was slightly hyperintense compared to CSF and slightly hypointense relative to cord on T 1 -weighted and isointense compared to CSF on T 2 -weighted images with no enhancement ( Figure 1C ). Four years later, MRI showed that the cyst was hyperintense relative to CSF and spinal cord on T 1-weighted and isointense to CSF on T2-weighted images without enhancement ( Figure 1D ).
One week before admission to our hospital, MRI demonstrated an intramedullary lesion in the conus medullaris dorsal to L 1 and L 2 vertebral bodies which resulted in the conus medullaris expansion. The cyst showed markedly high intensity on T 1 -weighted sequence and was isointense to CSF on T 2 -weighted images, and enhanced after gadolinium injection (Figure 2 ).
At operation, the conus medullaris was swollen. A myelotomy was performed that revealed a thin wall cyst containing creamy jelly-like contents. The cyst appeared to be encapsulated with The patient's postoperative course was uneventful. At followup, he was ambulatory and motor power improved markedly.
dISCuSSIon NE cysts are rare congenital lesions of endodermal origin (1, 12, 13, 17, 18) . They are lined with columnar and/or respiratory epithelium (3, 7, 17) and occur predominantly in intraspinal location, usually ventral to the spinal cord, (3, 4, 7, 8, 11, 12, 13, 18, 20) and rarely dorsal to the cord (3, 20) . They are usually single, occurring primarily in the lower cervical and upper thoracic regions (4, 7, 10, 12, 14, (17) (18) (19) 22) . Rarely, NE cysts occur in the lumbar spine (9, 12) . Almost 95% of the spinal NE cysts are intradural extramedullary and fewer than 5% are intramedullary (6, 9, 11, 14, 18, 23). As was observed in the presented case, intramedullary NE cysts are usually located in the extremes of the spinal cord and this may be due to the late closure of the neural tube at these levels (8, 11, 14, 17) .
At least 50% of spinal NE cysts are associated with vertebral anomalies such as spina bifida occulta, hemivertebrae, Klippel-Feil syndrome, spinal lipoma, and syringomyelia (1, 4, 19) . These vertebral defects are typically seen in the cervical or upper thoracic spine, (3, 22 ) though these associated abnormalities may be absent in adults as in the present case.
Intraspinal NE cysts represent 0.7 to 1.3% of all spinal tumors (2, 8, 9, 11, 18, 20) . NE cysts occur in men 1.5 to 3 times as often as in women (2, 9, 11, 18, 20) . Spinal NE cysts occur in all age groups, but they most commonly present at either early in life (5, 7) or in the second and third decades of life (2, 9, 11, 17, 18, 20) . The precise etiology of NE cysts is unknown. Several hypotheses have been postulated in order to explain the pathogenesis of these lesions. These include (1) ectopic abnormal accessory NE canals cephalad to the coccygeal tip (7, 8, 10, 18, 20, 21 ) (2) disorder of notochord formation (splitnotochord theory) (2, 7, 8, 10, 11, 20, 21 ) (3) focal adhesions between the endoderm and ectoderm within the primitive streak (endoderm-ectoderm adhesion theory) (8, 10, 12, 21) . The most commonly accepted explanation is the split notochord theory (2, 11, 20) .
NE cysts have a variety of presentations depending on the age of patient, size and location of the lesion (3, 7, 10, 20) . In most cases, as was observed in our patient, spinal pain is the first and most frequent symptom (6, 8, 9, 17, 23) . Pain can either be local or radicular (6, 8, 10 ) and is mainly due to spinal cord and nerve root compression (4, 7, 8, 20) . Some patients with NE cysts present with intermittent symptoms like multiple sclerosis (3, 7, 10, 11, 17, 18, 20) . Intermittent symptoms are probably due to a thin-walled cyst of the spinal canal (8, 9, 11, 17, 18, 20) that gradually increase in size by secretion from the cyst wall and osmotic retention of CSF, and decrease in size by small ruptures in to the subarachnoid space (8, 9, 11, 12, (18) (19) (20) and re-absorption of mucin by the cyst wall (8, 9, 11, 18, 20) . Meningitis, either chemical or bacterial, is a rare presentation of NE cysts which is more common in newborns and infants (4, 7, 8, 11, 14, 20) . NE cysts may also present as a psychogenic disorder (8, 11) or hydrocephalus (7, 8, 11) .
Adults tend to present with signs of spinal cord compression which may follow trivial trauma (3, 6) . In some cases, neurological signs can be of acute onset due to spontaneous hemorrhage into the cyst (6, 7) or an increase in the size of the cyst as the result of an accumulation of intracystic fluid (3, 6, 7, 12) .
The radiographic evaluation of an intraspinal NE cyst includes plain spinal x-ray and magnetic resonance imaging (8, 10) . Plain x-rays are useful in the detection of spinal bony anomalies associated with NE cysts such as widening of the spinal canal, partial fusion, hemivertebrae, anterior and posterior spina bifida, and scoliosis (8, 21) .
Because of its ability to image in the axial, coronal, and sagittal planes and the availability of gadolinium as an enhancing agent, MRI has recently supplanted CT myelography (8, 11, 20) . MRI provides a complete, non-invasive assessment of the bony abnormality, the exact location and extent of the cyst, and the degree of spinal cord or nerve root compression associated with a NE cyst (6, 8, 11, 12, (18) (19) (20) (21) . The signal intensity of NE cysts varies depending on the protein content of the cyst fluid or hemorrhage within the cyst (8, 20) . They are usually isointense or slightly hyperintense relative to CSF on T 1 -weighted MR images and isointense to hyperintense on imaging. A few years later, local arachnoiditis at the site of operation caused adhesion around the cyst wall and changed the CSF flow, and secretion by the cells of the cyst wall caused an increase in the contents of the cyst. This led to increased density of the lesion on MRI.
The gross appearance of NE cysts may vary from thin to thickwalled, with color being grayish white or creamy (18) .
Pathologically, the most common finding is a thin wall, lined by a layer of ciliated or non-ciliated cuboidal or columnar epithelium, lying on a basement membrane and supported by a connective tissue wall of varying vascularity (7, 8, 18, 23) . The majority of isolated intramedullary NE cysts are located in the thoracic region and occur almost equally in women and men (23). The age of presentation ranges from 3 weeks to 68 years old. Pain is the most common presenting symptom of isolated spinal NE cyst (23). Isolated intramedullary NE cysts usually have iso-to hypo-intense T1-weighted appearance relative to CSF on T 2 -weighted MR images (6, 8, 11, 19) . NE cysts are iso-intense to CSF on T1-and T2-weighted images if the cyst contents are clear like CSF (4, 20) . Occasionally, homogenous very bright signal intensity on T 1 -weighted MRI and/or very low signal intensity on T 2-weighted MRI may be seen, which are thought to correlate with protein content or hemorrhage within the cysts (6, 8, 20, 23) . A mural nodule has been described in one case (13) . Calcification has been reported in some patients (23). Rim enhancement is rare (11) .
In the presented case, the cyst content was creamy and its signal appeared very bright on T1-weighted sequence and iso-signal relative to CSF on T2-weighted images. The cyst enhanced after gadolinium injection. We think that laminectomy and dural opening at the first operation caused cord and cyst decompression and changes in the CSF flow in thoracolumbar region. This led to CSF penetration through the cyst wall into the cyst and the cyst content concentration decreased, which was responsible for the reduced cyst density (11) . An isolated intramedullary NE cyst of the conus medullaris is an extremely rare lesion and only seven cases have been reported (including the present case) ( Table I ).
The natural history of untreated intraspinal NE cyst is unfavorable (18, 22) . The proper treatment of NE cysts is complete surgical removal (7, 9, 10-12, 19, 22) . In an intramedullary NE cyst, complete excision is often difficult due to infiltration and/or firm adhesion of lesion to the neural tissue (8, 9, 11, 12, 18, 19) . Therefore, overaggressive resection of an intramedullary NE cyst is dangerous and should be avoided (2, 3, 8, 9, 11, 18) . However, if the cyst is very adherent to the spinal cord or if a clear dissection plane cannot be found, a subtotal resection is sufficient (2, 3, 8, 9, 11, 18) . Subtotal resection (cyst aspiration, fenestration, partial resection) has yielded good immediate results but has higher recurrence rates and should be avoided, if possible (8, 9, 11, 14, 15, 18) . Associated anomalies such as diastematomyelia, lipoma, tethered spinal cord, mediastinal mass and abdominal mass will require special treatment (10).
NE cysts can recur despite long-term symptomatic relief and hence a life-long follow-up with annual MRI is warranted (2, 11, 12, 17, 19, 20) .
ConCLuSIon
A NE cyst is a rare congenital anomaly that develops in early gestation. It has a variety of presentations, depending on the size and location of the lesion and age of the patient. Intramedullary NE cysts not associated with other congenital anomalies are very rare, especially in the conus medullaris region. MRI and CT scan are necessary to define the cyst and the osseous and vascular anomalies associated with this lesion. The goal of treatment of an intramedullary NE cyst is total excision at the first operation, if possible. Lifelong follow-up with annual MRI is recommended due to the recurrence risk.
